Introduction
In the two dimensional electron system (2DES) at high magnetic fields, the electron correlations and some interactions that are usually neglected in zero magnetic field play an important role in the electron transport. Particularly, the spin-related phenomena observed in the quantum Hall effect (QHE) regime, such as the QH ferromagnet at the filling factor of Landau level =1, electron spin relaxation due to the Skyrmion excitation, dynamic nuclear polarization by the QHE breakdown current, etc., affect to the spin dynamics and also to the current distribution of QHE regime. It was reported that the Kerr rotation ( K ) measurement is useful method [1] for studying the electron spin in QHE regime [2] , although the  K by a single layer 2DES is very small. In this study, we developed an electron spin polarization microscope operating in the QHE condition [3] by using Kerr effect, where the observed  K is proportional to the extent of electron spin polarization. The mapping of the spin polarization in QHE regime enables to investigate the spin polarized current flow. On the other hand, the spin dynamics investigated by the time resolved Kerr measurement reveals the mechanism of the spin relaxation and the effect of the dynamic nuclear spin polarization in the QHE regime [2, 4] . We discuss the dynamics and spatial distribution of spin polarized QH electrons studied by the magneto-optic Kerr effect measurement.
Experimental Results

Experimental Setup
We observed the spatial distribution of electron spin polarization in a single layer GaAs/AlGaAs quantum well of the thickness 17 nm with one-side δ-doped barrier layer, at the QHE regime by means of a scanning Kerr rotation microscope [3] , as shown in Fig. 1 . The spatial resolution was about 5 m, which was limited by the diameter of the excitation light spot. The typical electron density was 1.9×10 15 m -2 at the back gate voltage (Vg) of 0 V, and the mobility was 80-100 m 2 /Vs at 4.2 K. At ν=1, the electron spin polarization shows maximum due to the QH ferromagnet state, and the polarization decreases as the filling factor deviates from just one. We can visualize the spatial distribution of the local filling factor through the spin polarization image obtained by the scanning Kerr microscope. In this study, the derivative of Kerr rotation signal by the back-gate voltage modulation dθ K /dV g was measured to detect the very small Kerr rotation angle  K (typically  10 -5 rad.) caused by the electron spin polarization in the single layer quantum well. In this Kerr microscope, the compact optical head at low temperature was connected to the tunable semiconductor laser in the laboratory by using a polarization maintaining optical fiber. The Kerr rotation signal was measured by the homodyne detection with the balanced optical detectors. Recently, we tried a Sagnac interferometer detection [5] to improve the Kerr angle sensitivity, we will report some experimental results obtained by using Sagnac system.
We also investigated the electron spin dynamics in QHE regime by the time-resolved Kerr rotation measurement, using a split-coil superconducting magnet with optical windows. Two-color pump and probe method was employed in order to avoid the unexpected excitation by the probing light [4] . 
Kerr Imaging
Without an external current flow, the observed Kerr image at ν=1 was almost monotonic, as shown in Fig. 2(a) , but the observed faint contrast shows the local filling factor (local electron density) variation only less than 1% in the quantum well. In the current flowing ν=1 QHE state, the spatial distribution of spin polarization drastically changes due to the carrier injection from the source and drain electrodes of the order of only a few A, as shown in Fig. 2(b) . The Kerr microscope visualized that the injected electrons at the left corner of the source electrode move along the left edge at first, they gradually spread over the bulk region, and finally flowed out to the drain electrode. The spatial distribution pattern of the local filling factor changes if the polarity of the current or magnetic field is reversed. The white strip in the Fig. 2(b) , where the filling factor is just one, connects between the opposite side of the hot spots at the interface of source and drain electrodes. We demonstrated that the variation of electron distribution in the current flowing =1 QHE state by means of the spin polarization mapping. 
Time-resolved Kerr rotation
Spin relaxation of QH electrons was investigated by a time-resolved Kerr rotation measurements using two-color pump probe technique. Non-oscillatory Kerr rotation signal at odd filling factor was suppressed by tuning the pump and probe lights to the lowest optical transition, and the intrinsic filling factor dependence of spin relaxation time was obtained. Skyrmion has a significant effect on the relaxation of the spin wave in the quantum ferromagnet. At odd filling factors, the relaxation time of spin wave shows a sharp peak and dips on both sides of ν=1 which are considered to be induced by the interaction with static Skyrmion excitation. The filling factor dependence of the relaxation time of the electron spin and nuclear spin resembles each other, but the observed dips are significantly closer to the center peak, reflecting different interaction with Skyrmions. The same feature at around ν=1, 3, and 5 suggests the existence of Skyrmion around higher odd filling factors.
Summary
We studied the electron spin polarization distribution and the spin dynamics in a single layer GaAs/AlGaAs quantum well in QHE regime by Kerr rotation measurement. Top loading and portable high sensitive Kerr rotation microscope was developed using polarization maintaining optical fiber. The observed Kerr images at ν=1 reveal the local electron density fluctuation, and the highly current dependent Kerr images have valuable information for studying current density distribution, spatial profile of dynamic nuclear polarization, and the distribution of spin polarization in the QHE regime. We suggested the existence of the Skyrmion at around ν=3 and 5 from the intrinsic filling factor dependence of the spin relaxation time by time resolved pump and probe Kerr measurement. 
